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(54) [Title of the Invention] DC power cable 
(57) [Abstract] 

[Aim] To provide a DC high-voltage cable that can prevent space charge 
5 accumulation when a DC high voltage is applied, and whose heat resistance is 
equally as good as that of XLPE-insulated cable. 

[Constitution] First Invention: The insulator of a DC power cable is formed from 
an electrically insulating resin product made by incorporating up to 10 parts by 
weight of a polar monomer into 100 parts by weight of polyethylene, thereby 

10 forming a DC power cable that can prevent space charge accumulation when a DC 
high voltage is applied, and whose heat resistance is equally as good as that of 
XLPE-insulated cable. Second Invention: The insulator of a DC power cable is 
formed from a cross-linked resin composition produced by applying heat to cross- 
link a resin composition comprising a polar monomer, polyethylene and an organic 

15 peroxide, thereby forming a DC power cable with superior DC characteristics 
including space charge accumulation, and which has good heat resistance. 



1 



-4- 

[Scope of Patent Claims] 

[Claim 1] A DC power cable, characterized in that its insulator is an electrically 
insulating resin product made by incorporating up to 10 parts by weight of a polar 
monomer into 100 parts by weight of polyethylene. 
5 [Claim 2] A DC power cable, characterized in that its insulator is a cross-linked 
resin composition produced by applying heat to cross-link a resin composition 
comprising a polar monomer, polyethylene and an organic peroxide. 
[Claim 3] A DC power cable according to Claim 1 or 2, characterized in that its 
insulator is an electrically insulating resin product made by incorporating up to 10 
10 parts by weight of vinyl acetate as a polar monomer into 100 parts by weight of 
polyethylene. 

[Claim 4] A DC power cable according to Claim 2, characterized in that the 
organic peroxide used has a half-life of at least 5 hours at 130°C. 
[Detailed Description of the Invention] 
15 [0001] 

[Field of Industrial Use] This invention relates to a DC power cable. 
[0002] 

[Prior Art] For long-distance high-capacity power transmission applications, DC 
power transmission is considered to be better than AC power transmission for 
20 various reasons, such as the absence of inductive losses, the lack of a requirement 
for facilities to compensate the charging current for reactive components, and the 
high stable dielectric strength of the insulation. 

[0003] At present, oil-filled cables comprising paper and a low viscosity insulating 
oil have mainly been used as high voltage DC cables for DC power transmission, 
25 but these require oil supply facilities and are awkward to maintain. 

[0004] On the other hand, for maintenance-free plastic insulated cables, cross- 
linked polyethylene (XLPE) cables are widely used as DC power cables, and are 
being developed into ultra-high voltage cables that rival the performance of oil- 
filled cables. 

30 [0005] However, the application of such cables to high voltage DC power 
transmission has been limited because of problems such as their space charging 
characteristic with respect to DC voltages. 

[0006] This is because a space charge of opposite polarity builds up in the insulator 
when a DC voltage is applied to an XLPE cable, and because there is a pronounced 
35 drop in the insulation characteristics when there is a reverse polarity impulse or 
when the DC polarity is inverted. 

[0007] For the above reasons, there is a need for the development of a solid 
insulated cable to replace conventional XLPE cable. 
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[0008] 

[Problems Addressed by the Invention] Although it is generally assumed that the 
insulation voltage strength of polyethylene increases as the degree of crystallinity 
increases, it appears that the space charge formed by the injection of charge from 
5 the electrodes when a DC voltage is applied is easily trapped at locations such as 
the interfaces between crystalline and non-crystalline polyethylene regions. 
[0009] Another problem is that cross-linking processes have been adopted as a 
means of resisting thermal deformation that is liable to occur when uic cable is 
heated by excessive current and the like, but the decomposition residues of the 
10 organic peroxides used as cross-linking agents are known to increase the formation 
of space charges. 

[0010] Studies conducted by the present inventors in the light of such problems 
focused on the fact that the space charge characteristics are changed by polar 
groups, which offers a way of reducing the effects of decomposition residues and 
15 makes it possible to improve the DC characteristics by incorporating a specific 
polar group into non-polar polyethylene. 

[0011] Therefore, one aim of this invention is to obtain an insulator with strong 
insulation characteristics and good heat resistance by designating a polar group that 
is introduced into the polyethylene and limiting the amount thereof that is 
20 incorporated, thereby suppressing the accumulation of space charge in the 
insulator, and by using an organic peroxide whose decomposition residues have 
little effect. Another aim of this invention is to provide a DC power cable having 
high performance characteristics by using this insulator. 
[0012] 

25 [Means of Solving the Problems] To solve the above problems, the first invention 
employs a configuration wherein the insulator is an electrically insulating resin 
product made by incorporating up to 10 parts by weight of a polar monomer into 
100 parts by weight of polyethylene. 

[0013] The second invention employs a configuration wherein the insulator is a 
30 cross-linked resin composition produced by applying heat to cross-link a resin 
composition comprising a polar monomer, polyethylene and anorganic peroxide. 
[0014] 

[Action] Since the carbonyl groups of the vinyl acetate, which is a polar monomer, 
act as oolar groups and are uniformly distributed throughout the material, it is 
35 possible to prevent localized traps for the space charge. 

[0015] There is also little space charge accumulation in the decomposition residues 
of the organic peroxide with a high decomposition temperature, which improves 
the DC breakdown strength and reduces this sort of space charge. 
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[0016] 

[Embodiments] Embodiments of this invention are described below. 
[0017] First Embodiment 

The DC power cable according to the first embodiment has a structure wherein an 
5 electrically insulating resin product obtained by incorporating up to 10 parts by 
weight of a polar monomer into 100 parts by weight of polyethylene is used to 
form the insulator. 

[0018] Vinyl acetate is used as the polar monomer in the formation of the 
abovementioned insulator, and it is known that the substance obtained by 
10 incorporating up to 10 parts by weight of vinyl acetate into polyethylene has 
superior DC properties including those relating to space charge accumulation. 
[0019] If too much vinyl acetate is incorporated, then there is a danger that the 
physical properties such as crystallinity will deteriorate, leading to a corresponding 
reduction in the electrical voltage resistance performance at high temperature, so a 

15 suitable value is up to 10 parts by weight. Stabilizers and the like that are normally 
added to insulating materials may also be added without causing problems. 
[0U20] Note that the amounts of polar monomer and any additional stabilizers and 
the like incorporated into the insulator are the same in the following embodiments. 
[0021] Since the carbonyl groups in the vinyl acetate incorporated into the 

20 polyethylene act as polar groups and are uniformly distributed throughout the 
material, it is possible to prevent local traps for the space charge, thereby reducing 
the space charge and improving the DC breakdown characteristics. 
[0022] Table 1 compares the first embodiment with comparative examples. This is 
described in detail below. 

25 [0023] For the test samples, we used sheets made by hot pressing of polyethylene 
incorporating vinyl acetate at 120°C for 30 minutes. The space charge accumula- 
tion was evaluated by using a pulse static electricity response method after 
applying a voltage of 40 kV to a 2 mm sheet. The quantity of accumulated charge 
is indicated by the number of "+" symbols. The DC breakdown value was 

30 measured at 90°C using a 0.2 mm sheet. 
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[0024] 
[Table 1] 

Table 1 



First Embodiment and Comparative Examples 



Sample 


Amount of vinyl 
acetate 
incorporated 
(wt%) 


Density 
(g/cm 3 ) 


DC 
breakdown 

value 
(kV/mm) 


Space charge 
quantity 


Embodiment 
la 


0.5 


0.92 


140 


— 


Comparative 
example 1 




0.92 


118 j 


R+++ 


Embodiment 
lb 


5.0 


0.92 


138 




Embodiment 
lc 


10.0 


0.93 


135 




Comparative 
example 2 


15.0 


0.93 


120 


M+ 



5 



[0025] Description of wording in the table 
Space charge: M = Homogeneous charge distribution 

R = Heterogeneous charge distribution 
[0026] Table 1 shows the results of measuring the space charge distribution. A 

10 homogeneous charge distribution is where the charge that accumulates in the 
vicinity of the electrodes has the same polarity as the applied voltage, and a 
heterogeneous charge distribution is where the charge has opposite polarity to the 
applied voltage. 
[0027] Second Embodiment 

1 5 The DC power cable according to the second embodiment has a structure wherein 
the insulator is formed by using a cross-linked resin composition which is cross- 
linked using 2,5-dimethyl-2,5-di(t-butylperoxine)hexyne-3 as the organic peroxide 
used as a cross-linking agent in a mixture obtained by incorporating up to 10 parts 
by weight of vinyl acetate as a polar monomer into 100 parts by weight of 

20 polyethylene. 

[0028] In the formation of the abovementioned insulator, stabilizers and the like 
that are normally added to insulating materials may also be added without causing 
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problems, the carbonyl groups of the vinyl acetate act as polar groups, making it 
possible to prevent local traps for the space charge, and the decomposition residues 
of the organic peroxide which has a high decomposition temperature result in little 
space charge accumulation and superior DC characteristics including space charge 
5 accumulation, and by reducing the space charge accumulation the DC breakdown 
strength is improved. 

[0029] Table 2 compares this second embodiment with comparative examples. 
This is described in detail below. 

[0030] For the test samples, we used sheets made by hot pressing of a composition 
10 comprising polyethylene incorporating vinyl acetate mixed with 1 part by weight of 
2,5-dimethyl-2,5-di(t-butylperoxine)hexyne-3 (YPO) and dicumyl alcohol (DCP) 
as a cross-linking agent at 180°C for 30 minutes. The space charge accumulation 
was evaluated by using a pulse static electricity response method after applying a 
voltage of 40 kV to a 2 mm sheet. The quantity of accumulated charge is indicated 
15 by the number of M +" symbols. The DC breakdown value was measured at 90°C 
using a 0.2 mm sheet. 
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[0031] 
[Table 2] 

Table 2 



Second Embodiment and < 


Comparative Examples 


Sample 


Amount of 
vinvl 
acetate 
incorpo- 
rated 
(wt%) 


Density 
(g/cm 3 ) 


Organic 
peroxide 

DCP YPO 


DC 
breakdown 

value 
(kV/mm) 


Space 
charge 
quantity 


Comparative 
example 1 


— 


0.92 


1 


120 


R+++ 


Embodiment 
2a 


0.5 


0.92 


1 


140 


M+ 


Comparative 
example 2 


0.5 


0.92 


1 


118 


R++++ 


Embodiment 
2b 


10.0 


0.93 


1 


135 


M+ 


Comparative 
example 4 


15.0 


0.93 


1 


120 


M++ 



5 

[0032] Description of wording in the table 

DCP: Dicumyl peroxide (Half-life at 130°C: 1.8 hours) 

YPO: 2,5-dimethyl-2,5-di(t-butylperoxine)hexyne-3 (Half-life at 



130°C: 8.6 hours) 
10 Space charge: M = Homogeneous charge distribution 

R = Heterogeneous charge distribution 
[0033] Table 2 shows the results of measuring the space charge distribution. A 
homogeneous charge distribution is where the charge that accumulates in the 
vicinity of the electrodes has the same polarity as the applied voltage, and a 
1 5 heterogeneous charge distribution is where the charge has opposite polarity to the 
applied voltage. 
[0034] Third Embodiment 

The DC power cable according to the third embodiment has a structure wherein the 
insulator is formed by using an electrically insulating resin composition using 
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acrylic acid as the polar monomer wherein up to 10 parts by weight of acrylic acid 
are incorporated into 1 00 parts by weight of polyethylene. 

[0035] In the formation of the abovementioned insulator, the carbonyl groups of 
the acrylic acid act as polar groups and are .uniformly distributed throughout the 
5 material, making it possible to prevent local traps for the space charge, and by 
reducing the space charge the DC breakdown strength is improved. 
[0036] Table 3 compares this third embodiment of the invention with comparative 
examples. This is described in detail below. 

[0037] For the test samples, we used sheets made by hot pressing of a cornnosition 
10 comprising polyethylene incorporating acrylic acid at 120°C for 30 minutes. The 
spauc cnarge accumulation was evaluated by using a pulse static electricity 
response method after applying a voltage of 40 kV to a 2 mm sheet. The quantity 
of accumulated charge is indicated by the number of "+" symbols. The DC 
breakdown value was measured at 90°C using a 0.2 mm sheet. 
15 [0038] 
[Table 3] 

Table 3 



Third Embodiment and Comparative Examples 



Sample 


Amount of acrylic 
acid incorporated 
(wt%) 


Density 
(g/cm 3 ) 


DC 
breakdown 

value 
(kV/mm) 


Space charge 
quantity 


Embodiment 
3a 


0.5 


0.92 


145 




Comparative 
example 1 




0.92 


118 


R+++ 


Embodiment 
3b 


5.0 


0.92 


140 




Embodiment 
3c 


10.0 


0.93 


140 




Comparative 
example 2 


15.0 


0.93 


120 


M+ 



20 [0039] Description of wording in the table 

Space charge: M = Homogeneous charge distribution 

R = Heterogeneous charge distribution 
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[0040] Table 3 shows the results of measuring the space charge distribution. A 
homogeneous charge distribution is where the charge that accumulates in the 
vicinity of the electrodes has the same polarity as the applied voltage, and a 
heterogeneous charge distribution is where the charge has opposite polarity to the 
5 applied voltage. 

[0041] Fourth Embodiment 

The DC power cable according to the fourth embodiment has a structure wherein 
acrylic acid is used as the polar monomer and the insulator is formed by using a 
cross-linked resin composition made by applying heat to cross-link a resin 

10 composition comprising this acrylic acid, polyethylene and an organic oxide. 

[0042] In the formation of the abovementioned insulator, up to 10 parts by weight 
of acrylic acid is incorporated into 100 parts by weight of polyethylene, and an 
organic oxide having a half-life of at least 5 hours at 130°C is used. 
[0043] By using an insulator wherein a cross-linked resin composition wherein 2,5- 

15 dimethyl-2,5-di(t-butylperoxine)hexyne-3 is used as the organic peroxide used as a 
cross-linking agent in a mixture wherein acrylic acid is incorporated into 
polyethylene under the above conditions, it is possible to obtain superior DC 
characteristics including space charge accumulation and to prevent localized traps 
for the space charge; moreover, the decomposition residues of the organic peroxide 

20 which has a high decomposition temperature result in less space charge 
accumulation and improved DC breakdown strength. 

[0044] Table 4 compares this fourth embodiment with comparative examples. This 
is described in detail below. 

[0045] For the test samples, we used sheets made by hot pressing of a composition 
25 comprising polyethylene incorporating acrvlic acid mixed with 1 part by weigm oi 
2,5-dimethyl-2,5-di(t-butylperoxine)hexyne-3 (YPO) and dic^mvl alcohol fDCP) 
as a cross-linlang agent at 181TC tor 30 minutes. The space cnarge accumulation 
was evaluated by using a pulse static electricity response method after applying a 
voltage of 40 kV to a 2 mm sheet. The quantity of accumulated charge is indicated 
30 by the number of "+ M symbols. The DC breakdown value was measured at 90°C 
using a 0.2 mm sheet. 
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[0046] 
[Table 4] 

Table 4 



Fourth Embodiment and Comparative Examples L 



Sample 


Amount of 
acrylic acid 
incorpo- 
rated 
(wt%) 


Density 
fe/cm 3 ) 


Organic 
peroxide 

DCP YPO 


DC 
breakdown 

value 
(kV/mm) 


Space 
charge 
quantity 


Comparative 
example 1 


— 


0.92 


i 

1 


120 


R+++ 


Embodiment 
4a 




0.92 


1 


145 


M+ 


Comparative 
example 2 


0.5 


0.92 


1 


115 


Rl I I l 


Embodiment 
4b 


10.0 


0.93 


1 


140 


M+ 


Comparative 
example 4 


15.0 


0.93 


1 


120 


M++ 



[0047] Description of wording in the table 

DCP: Dicumyl peroxide (Half-life at 130°C: 1.8 hours) 

YPO: 2,5-dimethyl-2,5-di(t-butylperoxine)hexyne-3 (Half-life at 

130°C: 8.6 hours) 
Space charge: M = Homogeneous charge distribution 

R = Heterogeneous charge distribution 
[0048] Table 4 shows the results of measuring the space charge distribution. A 
homogeneous charge distribution is where the charge that accumulates in the 
vicinity of the electrodes has the same polarity as the applied voltage, and a 
heterogeneous charge distribution is where the charge has opposite polarity to the 
applied voltage. 
[0049] Fifth Embodiment 

The DC power cable according to the fifth embodiment has a structure wherein the 
insulator is formed by using an electrically insulating resin product made using 
benzoic acid as? the polar monomer wherein up to 10 parts by weight of benzoic 
:xid are incorporated into 100 parts by weight of polyethylene; the carbonyl groups 



10 



15 
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in the benzoic acid act as polar groups and improve the DC breakdown strength in 
the same way as in the third embodiment. 

[0050] Table 5 compares this fifth embodiment of the invention with comparative 
examples. This is described in detail below. 
5 [0051] For the test samples, we used sheets made by hot pressing of polyethylene 
incorporating benzoic acid at 120°C for 30 minutes. The space charge accumula- 
tion was evaluated by using a pulse static electricity response method after 
applying a voltage of 40 kV to a 2 mm sheet. The quantity of accumulated charge 
is indicated by the number of "+" symbols. The DC breakdown value was 
10 measured at 90°C using a 0.2 mm sheet. 
[0052] 
[Table 5] 

Tabled 



Fifth Embodiment anjl Comparative Examples 



Sample 


Amount of 
benzoic acid 
incorporated 
(wt%) 


Density 
(g/cm 3 ) 


DC 
breakdown 

value 
(kV/mm) 


Space charge 
quantity 


Embodiment 
5a 


0.5 


0.92 


140 




Embodiment 1 




0.92 


118 


R+++ 


Embodiment 
5b 


5.0 


0.92 


138 




Embodiment 
5c 


10.0 


0.93 


135 




Embodiment 2 


15.0 


0.93 


120 


M+ 



15 

[0053] Description of wording in the table 
Space charge: M = Homogeneous charge distribution 

R = Heterogeneous charge distribution 
[0054] Table 5 shows the results of measuring the space charge distribution. A 
20 homogeneous charge distribution is where the charge that accumulates in the 
vicinity of the electrodes has the same polarity as the applied voltage, and a 
heterogeneous charge distribution is where the charge has opposite polarity to the 
applied voltage. 
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[0055] Sixth Embodiment 

The DC power cable according to the sixth embodiment has a structure wherein 
benzoic acid is used as the polar monomer and the insulator is formed by using a 
cross-linked resin composition made by applying heat to cross-link a resin 
5 composition comprising this benzoic acid, nolyethylene and an organic oxide. 

[0056] The mixing quantities ot benzoic aciu, polyethylene and uiganic oxide and 
the type of organic oxide in this sixth embodiment are the same as in the fourth 
embodiment. 

[0057] Table 6 compares this sixth embodiment with comparative examples. This 

10 is described in detail below. 

[0058] For the test samples, we used sheets made by hot pressing of a composition 
comprising polyethylene incorporating benzoic acid mixed with 1 part by weight of 
2,5-dimethyl-2,5-di(t-butylperoxine)hexyne-3 (YPO) and dicumyl alcohol (DCP) 
as a cross-linking agent at 180°C for 30 minutes. The space charge accumulation 

1 5 was evaluated by using a pulse static electricity response method after applying a 
voltage of 40 kV to a 2 mm sheet. The quantity of accumulated charge is indicated 
by the number of "+" symbols. The DC breakdown value was measured at 90°C 
using a 0.2 mm sheet. 
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[0059] 
[Table 6] 

Table 6 



Sixth Embodiment and Comparative Examples 



Sample 


Amount of 
benzoic 

acid 
incorpo- 
rated 
(wt%) 


Density 
(g/cm 3 ) 


Organic 
peroxide 

DCP YPO 


DC 
breakdown 

value 
(kV/mm) 


Space 
charge 
cjUciniiiy 


Comparative 
example 1 


— 


0.92 


1 


120 


R+++ 


Embodiment 
6a 


0.5 


0.92 


1 


142 


M+ 


Comparative 
example 2 


0.5 


0.92 


1 


115 


R++++ 


Embodiment 
6b 


10.0 


0.93 


1 


138 


M+ 


Comparative 
example 4 


15.0 


0.93 


1 


120 


M++ 



[0060] Description of wording in the table 

DCP: Dicumyl peroxide (Half-life at 130°C: 1 .8 hours) 

YPO: 2,5-dimethyl-2,5-di(t-butylperoxine)hexyne-3 (Half-life at 

130°C: 8.6 hours) 
Space charge: M = Homogeneous charge distribution 

R = Heterogeneous charge distribution 
[0061] Table 6 shows the results of measuring the space charge distribution. A 
homogeneous charge distribution is where the charge that accumulates in the 
vicinity of the electrodes has the same polarity as the applied voltage, and a 
heterogeneous charge distribution is where the charge has opposite polarity to the 
applied voltage. 
[0062] Seventh Embodiment 

The DC power cable according to the seventh embodiment has a structure wherein 
the insulator is formed by using an electrically insulating resin product made using 
naphthoic acid as the polar monomer wherein up to 10 parts by weight of 
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10 



15 



naphthoic acid are incorporated into 100 parts by weight of polyethylene; the 
carbonyl groups in the naphthoic acid act as polar groups and improve the DC 
breakdown strength in the same way as in the third embodiment. 
[0063] Table 7 compares this seventh embodiment of the invention with 
comparative examples. This is described in detail below. 

[0064] For the test samples, we used sheets made by hot pressing of polyethylene 
incorporating naphthoic acid at 120°C for 30 minutes. The space charge 
accumulation was evaluated by using a pulse static electricity response method 
after applying a voltage of 40 kV to a 2 mm sheet. The quantity of accumulated 
charge is indicated by the number of "+ M symbols. The DC breakdown value was 
measured at 90°C using a 0.2 mm sheet. 
[0065] 
[Table 7] 

Table ** 



Sample 


Amount of 
'natjhthoic acid 
incorporated 
(wt%) 


Density 
(g/cm 3 ) 


DC 
breakdown 

value 
(kV/mm) 


Space charge 
quantity 


Embodiment 
7a 


0.5 


0.92 


142 




Embodiment 1 




0.92 


118 


R+++ 


Embodiment 
7b 


5.0 


0.92 


138 




Embodiment 
7c 


10.0 


0.93 


138 




Embodiment 2 


15.0 


0.93 


120 


M+ 



[0066] Description of wording in the table 
Space charge: M = Homogeneous charge distribution 

R = Heterogeneous charge distribution 
20 [0067] Table 7 shows the results of measuring the space charge distribution. A 
homogeneous charge distribution is where the charge that accumulates in the 
vicinity of the electrodes has the same polarity as the applied voltage, and a 
heterogeneous charge distribution is where the charge has opposite polarity to the 
applied voltage. 
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[0068] Eighth Embodiment: The DC power cable according to the eighth 
embodiment has a structure wherein naphthoic acid is used as the polar monomer 
and the insulator is formed by using a cross-linked resin composition made by 
applying heat to cross-link a resin composition comprising this naphthoic acid, 
polyethylene and an organic oxide. 

[0069] The mixing quantities of naphthoic acid, polyethylene and organic oxide 
and the type of organic oxide in this eighth embodiment are the same as in the 
fourth embodiment. 

[0070] Table 8 compares this eighth embodiment with comparative examples. This 
is described in detail below. 

[0071] For the test samples, we used sheets made by hot pressing of a composition 
comprising polyethylene incorporating naphthoic acid mixed with 1 part by weight 
of 2,5-dimethyl-2,5-di(t-butylperoxine)hexyne-3 (YPO) and dicumyl alcohol 
(DCP) as a cross-linking agent at 180°C for 30 minutes. The space charge 
accumulation was evaluated by using a pulse static electricity response method 
after applying a voltage of 40 kV to a 2 mm sheet. The quantity of accumulated 
charge is indicated by the number of "+" symbols. The DC breakdown value was 
measured at 90°C using a 0.2 mm sheet. 
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[0072] 
[Table 8] 

Table 8 



Eighth Emboc 


liment and Comparative Examples 


Sample 


Amount of 
naphthoic 
acid 
incorporated 
(wt%) 


Density 
(e/cm 3 ) 


Organic 
peroxide 

DCP YPO 


DC 
breakdown 

value 
(kV/mm) 


Space 
charge 
quantity 


Comparative 
example 1 


— 


0.92 


1 


118 


R+-H- 


Embodiment 
8a 


0.5 


0.92 


1 i 


142 


M+ 


Comparative 
example 2 


0.5 


0.92 


1 


115 


Rl l l i 


Embodiment 
8b 


10.0 


0.93 


1 


140 


M+ 


Comparative 
example 4 


15.0 


0.93 


1 


120 


M++ 



5 



[0073] Description of wording in the table 

DCP: Dicumyl peroxide (Half-life at 130°C: 1 .8 hours) 

YPO: 2,5-dimethyl-2,5-di(t-butyIperoxine)hexyne-3 (Half-life at 

130°C: 8.6 hours) 

10 Space charge: M = Homogeneous charge distribution 

R = Heterogeneous charge distribution 
[0074] Table 8 shows the results of measuring the space charge distribution. A 
homogeneous charge distribution is where the charge that accumulates in the 
vicinity of the electrodes has the same polarity as the applied voltage, and a 

15 heterogeneous charge distribution is where the charge has opposite polarity to the 
applied voltage. 
[0075] 

[Advantages of the Invention] As described in detail above, with the first 
invention, by using an electrically insulating resin composition wherein up to 10 
20 parts by weight of polar monomer are incorporated into 100 parts by weight of 
polyethylene as the insulator, it is possible to prevent space charge accumulation 



- 19- 



when a DC high voltage is applied, and it is possible to obtain a DC high voltage 
cable whose heat resistance properties are as good as those of XLPE insulated 
cable. 

[0076] Also, with the second invention, by using a cross-linked resin composition 
5 obtained by applying heat to cross-link a resin composition comprising a polar 
monomer, polyethylene and an organic peroxide as the insulator, it is possible to 
have high insulation performance that is affected little by decomposition residues 
and to prevent space charge accumulation when a DC high voltage is applied, and 
it is possible to obtain a DC high voltage cable whose heat resistance properties are 
10 as good as those of XLPE insulated cable. 
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C 0 8 L 23/04 


KEG 


7107-4 J 




K£g8;fc Stooge 4 (£ 8 H) 




4$gf¥4- 93896 




/71\ Mj DCS I 


00000^ loO 


(22)ffigIB 


4^(1992) 3 8 19 B 




*f&m*i15lti*£:&immTB 5 #33^ 




















Scffl SU^ 

*KrfJlfcttK£M-Te l#3*f ftS« 










uje 












(54) ismn&m 











(57) 
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* 1 

[#W»#<DCSH3 

#gx^U>l 0 OSSflH;:*^l✓T«tt 
[HX« 3 ] TIMt tfx;n&* g x 

sum i x«2 izraRomcmA^-^k 

[KM 4] *WMMt&bT. 13 0t;a¥MW#i 
5 h r a±©t>OSffi^fcu t€»«tt5SI*« 2 I: 

DMOKKKIM] 
[0 0 0 13 

[0 0 0 2] 

[ooo3] mxmm<ofttb. mwt&mt—? 

M^SntVi*^ KttRKMCW7*0. 
[0 0 0 4] — ^>Tt>X7U-Ta6*y7^ 

y^«»4r-yjH4, x«a*^r-y^^bTse«^g 
x^v> (xlpe) y— y;wjt<fflv^nr^D, 

[0 0 0 5] L*»U ttW«£E!Cttr«!£n«ff1»tt* 
[0 0 0 6] -Tfcfc^, XLPE^— :/;VTttift«S5« 

[0 0 0 7] m±(Oi^^IS^^, »OXLPE^r 
[0 0 0 8] 



(2) ^§§^5-2 6 6 7 24 

2 

tM«h«Simit #yxfi/>oittt#i© 
[0 0 0 9] MK^sn^«l^*OAiMk:J:« 

[0 0 10] COJ:9a:ajft^&« #3B9!##14* 
#gx^^>lc»fi<o«tt*S**T*2li^J:0* 

[ooii] -e^T^o^^ii, #gx^u>ic«jA-r 

a? [0012] 

T*fc«>* *»Jx^l/>l0 0Il«i: 

[0013] ra»2(D*w4, i^yv-^uxf 

[0 0 14] 

[0 0 15] 5MFW®afr>**infttt0^ 

[0 0 16] 

[0 0 17] &14>«;ttffl 

[0 0 1 8] ±IB»»{*:0^ll45ViT, 

[0019] ftKbrxjuflDstesa^-r^fsfcefltt* 
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(3) 



5-266724 



C0021] tfv^u>\z3mvftffimv-)i'<z>ti)i> 
[0022] &i\zmi<Dmmm£tt%tm\z-D\,*T&v* 



[0 0 2 3] *bhj->:/;w*, ^afz;^js8bfc# 

»JX^>ei 2 0t3 O^O^T^^UXtCcfcOf^ 

0. 2nEr>— h$ffi^T9 OtTl^lfc. 
[0 0 2 4] 
[^1] 
16 1 







(g/cm 4 ) 


(kV/mm) 




^l&Mla 


0.5 


0.92 


140 




jt««i 




0.92 


118 


R + + + 




5.0 


0.92 


138 






10.0 


0.93 


135 






15.0 


0.93 


120 


M + 



[0 0 2 5] S«0)fi^|<DR?S 

[0026] si ttsra««r»#o«5ee**^-r. « 
[0027] m2<Dmm 

i o ois8i:tttt€/T-tbtft8if-;^ i os 

LT, 2,5 S**3PJU2 f 5 v> it 
[0 0 2 8] ±IE««*©^«IZ*5(.^T, 



[0 0 2 9] »2lr^O*2<Z>*«OTtJttt«l30^T 
[0 0 3 0] $£mV>7Mt. IWe=;U£jfe«Lfc# 

ux5 1 u>ti^<g^j < i:bT^^^;i/r;H3~;u (dcp), 
2,5 ^*3MW,5 s> ( t - 

>-3<YP0)£l*fiffl«£l,ifcfc(D*l 8 0t3 0#(D 
2 mm h \Z 4 0 k V^m«, / WX» 

[0 0 3 1] 
[*2] 
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(4) 



&mV5-2 6 6 7 2 4 



* 2 
® 2 <D£te0V 4: it®\ 







(g/cm 8 ) 


DCP YPO 


(kV/mra) 


snui 


itmn 




0.92 


1 


120 


R + + + 


3?JS£J2a 


0.5 


0.92 


1 


140 


M + 


Jt&W2 


0.5 


0.92 


1 


118 


R + + + + 




10.0 


0.93 


1 


135 


M + 




15.0 


0.93 


1 


120 


M + + 



[0 0 3 2] &*<D&*KD&m 
DCP : S^5JW^M^>F ( 1 3 01CT©*««! 1 . 
8 h r) 

YPO :2,5 5**3^2,5 V {t-^)V^)V^r^» 
^>->-3 (1^8. 6 h r) 

SIU1«W : M : ^%*««H a? 
R : ^DfgffiWB 

[0033] S2it fflMmw»#©«*»***r. 

ttemWL *0>iK4>ttfr. AfDffm 

[0 0 3 4] »3<Z>£l&0i| 

-tiT7^u;«^k ^uxfi/>iooiii 



* [0 0 3 5] ±E»»*<0^*(C4JViT, 7*UWiO 

[0036] &3\zz<Dfzm<Dm3<D&mmtttigtmiz 

[0 0 3 7] 

UXfl/>« 1 2 0133 O^^f^T^^UXlZcfcO^ 

ft. »a««fa©stt + oftr^bfc. dc^i» 

0. 2nnr>-h£fflV>T9 O^CTfiJ^b/t. 
[0 0 3 8] 
MS] 



S3<Diysw<i:ite^y 





(vtx) 


* BE 
(g/W) 


(kV/inm) 






0.5 


0.92 


145 




ttttMl 




0. 92 


118 


R + + + 


H?i£tfJ3b 


5.0 


0.92 


140 






10.0 


0.93 


140 




tt«M2 


15.0 


0. 93 


120 


M + 



[0039] s^oii^^ittw eiE«ic«R«ffitttpisttcD«w*«»«$ns»^ * 

R : AfntfSi [0 0 4 1] ^4<D^JS0q 

[o o 4 o] « 3 ttffiBn««r»*©w3e«s*^-r. a 50 m4<Dnmm\zi$wz&mmjrt—7M** fittt;y 
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(5) 



4$5§¥5-2 6 6 7 2 4 



8 



[0 0 4 2] ±K»m»(Om&\Z^X. 7*7*))V&* 

#'jx^u>i o oii«i:»LTi otisar** 

5 h rJ£UbCDfc<£>£ffl^3o 

[0 0 4 3] 4^jxy>>lcr*y;««:±IB©*#T 
-3*ffl^T*«S«fc*«WIBai««*«lft#lC«^ 

#4 <?>m 



10 



[0 0 4 4] *4lC*«WO«4 0*JB«a:ittt«fJCt> 

[0 0 4 5] *ik^>^tt. 7^UWHS*«Lft# 
, JX5 1 U>{C^ffiSIi:bT>?^5;i/7;i/r3-JKDCP) , 

>-3(YP0)£lMffig^LfcfcO£l 8 0t30^O 

«*«<DfF«tt 2 mm->- Hi 4 0 k Vgg@&, /WXft 

Lfc. DC&&Mte0. 2EDiy-h^UT9 0tTM 

[0 0 4 6] 
«4] 



4 







» s 

(«/«•) 


DCP YPO 


(kV/mm) 




ttttfWi 




0.92 


1 


120 


R + + + 




0.5 


0.92 


1 


145 


M + 


Jt««2 


0.5 


0.92 


1 


115 


R + + + + 




10.0 


0.93 


1 


140 


M + 


tt««4 


15.0 


0.93 


1 , 


120 


M+ + 



[0 0 4 7] itk*V>m*W>l$iW 30 
DCP : ^^aMJ^yF (1 3 0W<D¥&M 1 . 
8h r) 

YPO :2,5 S?*?W2,5 5> ( t 
^v>-3 (|sJ8. 6 h r) 

R : ^nWIHHR 

[0 0 4 8] *4«:. gsw*w»*a>ajge*=fe^-r. 

*<Di»D«^ ^rniffiffl. 
[0 0 4 9] assosugfli 4? 



ttWIB±*ftft«^TI8»**»*Ufc*JS«Cft-pT* 
0. ft*SK©*;u#n;«*t«ttait^T«fr, 2S3 

[0 0 5 0] *5lrCO«9i©»5©*ll6«tlfctt«fc 

[0 0 5 1] SMM->:/JW*, KA«H«Xfl[Lfe3KU 
X^U>£ 1 2 0«C 3 0 5>(O*#Tj»^WXfc,fc0^J« 

IC4 OkVIfi, ^X»«**fe«C«kDW)gLfc. 

+ OIRT^Lfc. DCttSil^O. 2 

[0 0 5 2] 
[*5] 
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(6) 

& 5 



6 6 7 2 4 



10 





(▼t%> 


m ok. 


(kV/no) 






0.5 


0. 92 


140 








0. 92 


118 


R + + + 




5.0 


0. 92 


138 






10.0 


0.93 


135 




I&56M2 


15.0 


0.93 


120 


M + 



[0 0 5 3] ^<D^*W>WLW 
&mn#i : M : 

[0054] » 5 tt^no««r»*<z>w««**^r. « 20 

[0 0 5 5] SH6<7)^5£0J 

[0 0 5 6] z.a>m6 09OMIlz&tt*&&9WLk#V 

u > k&m&{ttoot%&&j&Tfmmmfcto<omm\t * 30 

9 6 <Dmm 



[0 0 5 7] «6Jr**WO»6<D*lfi«tJttt«IK^ 
[0 0 5 8] 3&?J&#&£?&Bbfc#U 

jlt- u>\zmmmt \sxz?>? 5;vr;un-;KDCP) , 2, 5 

SCYPOSrlMfiSBil^L/tfccD^l 8 0TC3 0#tD&# 

SCDlWtt 2 mmv— h \Z 4 0 k VSim«, /^Xl&mjfc 

^. DC 0 . 2 mnr>- h £J3 9 0 "CT«I^ 

[0 0 5 9] 
[£6] 
6 







B S 
(g/cm 1 ) 


DCP YP0 


DC558H1 
(kV/mm) 








0.92 


1 


120 


R + + + 


S?Jfi«6a 




0.92 


1 


142 


M + 


ittstmt 


0.5 


0.92 


1 


115 


R + + + + 




10.0 


0.93 


1 


138 


M + 




1S.0 


0.93 


1 


120 


M+ + 



[0 0 6 0] &*<Dm*)<Dffift 
DCP : i^*;U^;M-*->F (UO'CTW^l. 
8hr) 

YPO :2,5 S>**Jl,2.5 {t - 7^)W\,**i<'» 
^->>-3 (ra 8 . 6hr) 



[0 0 6 1] »6ttfflW«W»*©W«tS*&^r. « 
[0 0 6 2] SB7(D2£&Stf| 

50 m7<on^(c^^^ii[^«|[^y-^«, iit^yv 
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(7) 



$$PB*F5-2 6 6 7 2 4 



11 

C^ltt7 hx&£ 1 0 »fi«HT5«**LTfc**» 
T**D, ^7 hXg£<D#^#xJ!/ga*&f£££LT® 

[0 0 6 3] iki \zzL<o&w<Dm7 <oummhtm.mz 

CO 0 6 4] 90k^r>^M%. t7hx8S*«lfc#* 



1^ 



[0 0 6 5] 
»7] 





(fft%) 


(g/cffl») 


(kV/nm) 




tH5£M7a 


0.5 


0. 92 


142 








0. 92 


118 


R + + + 


^SSM7b 


5.0 


0. 92 


138 






10.0 


0.93 


138 




ftflWB 


15.0 


0. 93 


120 


M + 



[0 0 6 6] #p<Dm*Q<omi 

[0 0 6 7] S7ttffimtt«»voMetuK««r. ® 

[0 0 6 8] ^8co^|g0!|^8O^JgOTIC*5tt-5ia^li 
[0 0 6 9] c©»8a)*JB«ic:^tfs^7hxBftt# 

u x^ u > t miifl«oa«uinrwflstt«!)aii 

tt»4©3ttli«tBI*T*S. 



[0 0 7 0] ^8 K#$g93(BJ8 8 0>*lS«£H:«MI;:o 

[0 0 7 1] *»-9->^;Ptt. t7hxi*S8Lfc# 
U X9 1 U > IT )VT)Vzi -JKDCP) . 2, 

5 Z>*^)V2,5 is (t-~f^)V^)V**r*/» ^\^>> 
30 -3(YP0)£lfi*«»&Lfcte<D«:l 8 0t3 0^ 

£. DCJg&MteO. 2m5'— h«JgfrvC9 0*CT»l5£ 

[0 0 7 2] 
[*8] 
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(8) $?@8¥5-2 6 6 7 2 4 

13 14 

& 8 







m at 

(g/coi') 


DCP YPO 


(kV/mm) 




J±tt«l 




0.92 


1 


116 


R + + + 




0.5 


0.92 


1 


142 


M + 




0.5 


0.92 


1 


115 


H + + + + 




10. 0 


0.93 


1 


140 


M + 


Jttt«4 


15.0 


0.93 


1 


120 


M+ + 



# [0 0 7 6] Mtz, »2©«WKJ:n«, ffife^ey^- 
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[0 0 7 3] *+OlS^IORW 
DCP : ^^SMW+v'H (1 3 01CTO**«1. 
8 h r) 

YPO :2,5 5**^2,5 ^ ( t ~^)V^)V^U» 
^v>-3 (f^8. 6hr) 
^r^m^f : M : *^«S^« 
R : ^nWIMftt 

[0074] «8asn«flr»«cDHetuR$^ a r. n 

[0 0 7 5] 



Translator's Repor t/Comments 



Yourref: Order No. 363 



Your order of (date): 



In translating the above text we have noted the following apparent errors/unclear 
passages which we have corrected or amended 



Page/para/line* I 



Page 5/Column 
7/Line 2 (1st 
occurrence) 

Page 4/ 
Table 3 

Page 6/ 
Table 5 



Comment 



The term "organic oxide" should perhaps read "organic 
peroxide" for consistency with the rest of the text. (Also 
at 5/7/7, 6/9/26, 6/9/30, 7/11/33, and 7/11/37) 

The formatting of this table reflects the formatting in the 
source text . 

"Embodiment 1" and "Embodiment 2" should probably read 
"Comparative Example 1" and "Comparative Example 2". 



This id ntffication refers to the source t xt Pleas note that the first paragraph is taken to be where r levant the nd nortinn 1 
aparagraph starting on the preceding page. Where the paragraph is stated, the lin nCi^'iSSTt £ SStoSKS^ 
Where no paragraph is stated, the line number refers to the pag margin lin number. Derre,aiesi ine P amcu,ar Paragraph. 



